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l%e detector response matrices for the Burst And Transient Source Experiment (BATSE) on board the Compton Gamma 
&y Observatory (CGRO) are described. including their creation and operation in data analysis. These response matrices are 
a &tailed lhsvacl representation of the gamma-ray detectors’ operating characteristics that are needed for data analysis. 
TLy are ams@~~I from an extensive set of calibration data coupled with a complex geometry electromagnetic cascade 
Monte C&to simuiation code. The calibration tests and simulation algorithm optimization are described. The characte:&cs 
of ti BATSE detect- in the spacecraft environmcnl are also described. 

1. lDtmd* 

Since the CGRO launch. April 5 1991. the BATSE 
[L2] gamma-ray detectors have been used IO study 
gamma-ray bursts [3] and other distant astrophysical ob 
icas [451, s&l fi ares 161, and gamma-rays emitted in the 
upper’atmosphere of the earth [7]. All of these studies rely 
on the use of an accurate model of the irstrurwnt perfor- 
mance. BATSE employs eight large area detectors (iADs) 
and eight spcctio&py detectors MIS) to provile .all sky 
monit&g capability. The detector response natrices 
(DRMs) are an abstract representation of the BATSE 
gamma-ray detectors’ response characteristics. They are 
designed to &nvirt background-subtracted source coums 
to 3ncident photoit spectra. They express the respoPw in 
terms of the i&%ent photon input energy, the measured 
detector u&put c~rgy. and the ang!e between the detector 

~~XXZIX! and the yiurce’ directti. The ;Iccd fix detailed 
separation .of input ;nd output energy became apparent 
when measureinents of 5N1987A and the Crab Nebula [S]. 
were made using balk&Wrne detectoti similar to the 
BATSC detectors. Having Ihe dclecwr response expressed 
as a matrix.& input vs. dutput energy with theoff diagonal 

terms explicitly included was necessary to perform spectral 
.analysis accurately using the inverse ma:rix method. 

The defector ,respcmse matrices described here are also 
used by the BATSE data analysis software to locate 
gamma-ray bursts and other transient forces. Other uses 
include the spectral analysis of sources &served usimg the. 
earth occultation technique, pulsed source location and 
spectral analysis as well as solar flare and upper atm? 
sphere even1 location and spectral ,an;rlysiK This paper 
outlines the proizedures and tooli used to create the DRMs 
and is intended lo aid users of BATSE data and those 
attempting projects of similar subject a!d scope. 

2. The dcteetw dmutatktn softwan 

The physical kernel of. the simulation se&~ ,uf tb& 
project is a version of rhe EGS software [9..10] that has 
&en- modified !o inc.u& physical ‘effects &-‘a& impor- 
font 10 Br\TSE.below I00 kc\‘,, The EGS coik,,conlains all 
thk physics need* to simulate photoelectric absorption. 
Compton scattering and pair production for photons. It 
aI* ‘implements $ert.ron interaction proce%ys including 
h!Ftiahlung. apriihilation. and multi&e, ,CouldM scat- 
tering. ‘In order to accurately rep&&t. the physics ob- 

+ved in the BATSE. de&ton, it is *r-- to simubte 
ithe,. lranspcirt of qhoroos that are -u+ally emitted after i 



photoelectric absorption. p+ularly f?r: lrodium &fide 
and led, in t* evenl that th+ X-rays leave the material 
without interacting. The pho&kctric absorption s&on of 
.the siniulatim code was modiIied,to produce a+ transport 
be phtons emitted ‘when the, aiomic ckctmm drop *wn 
and occupy the K-shell orbits vacakd during the photo- 
electric absorpt/on. The ewrgies and prcbabilities of cmis- 
+I for these photons were taken h Eowne et al. [i I]. 
This- code package produces the total : and differetitial 
ptxiton and electron interaction nos.5 sections for all ele: 
merits and irixtires of elements ov& the energy range of 
i&rest here. 

A complex geometry code was wrillen spccif~lly for 
the BATSE detector si,tpulalion. This code delineates the 
vohimes of ‘material that, romprise jhe detector and its 
environment in which the electromagnetic interactions take 
place and trysports the particles between’vdumes. Nested 
volume sets arc organized in a hierarchy up m seven layers 
+ep for the most complicated scenarios -simulated. At 
each layer of the hierarchy the nearest neighbour’volurnes 
for each volume cell are stored as effiiently as possible. It 
is important to keep track of nearest neighhour volumes 
when the geometry imolved contains thousands of volume 
cells; otberwisc large amounts of computer time can be 
used ,up calculating wht :he next volume S~KMII~ be when 
a particle kaves one volu.me and enters another. 

At each level in ihe vt~lume hierarchy, tr;mTlations and 
rotations &n be performed on the volume elements. For 
cxampk, tbe s@ctioscopy detector volumes are delineated 
by a set of concentric cylindrical sbellr contained.withio a 
reciangular box. This box is then translated tcV its proper 
position and rotated to its proper orien(atHm with respect 
IO the entire i3AiSE mod&. At a higher level the entire 
BATSE module is enclosed in a spherical shell that can be 
translated and rotated to any pcrsitian in a test environment 
or on the coinei of the CGRO spacecraft. 

In order w test this’ algorithm effectively it is necessary 
(0 be conve&nt wjth a symbolii: .debugger and to have 
access lo a 3D ‘&phics package. The symbo!ic debugger 
is necetirv to track the particles of the electromagnetic 
cascade through the geometry in order to work out the 
ptiicle transport algorithms properly. Since this is a Monte 
Carlo code, there are virtualiy r,~ infinite numbel oi ways a 
pbotoi history can be realized. Given the’ complicated 
kom&y of this particular ,simulation the photon his&e\ 
arceach likely to be quite distinct. particularly at the end 
of their &4opment; Therefore it is not possible tci predict 
ib advance all the cases that can be encountered. In SOIJW 
c+s round off errors rzn cause problems. partkulrrl) for 
articles in’voJv;d in grazing incidence interceptions wilh 
curved surfaces. The sytihrilic debugger allows the algo- 
rithm designer to study the particular flow ;>f control of the 
pr&m in problem caes and to optimirc the code to 
makC it: robust. A 3D graphics display itool is u&I to 
observe the tiajectofies .of particles ,jtii in$ure thai the 
transfer between’ volumes proceeds cor&tly. pa&rilarly 

‘when. transliiriori and ,mtation op&tors are appli&! be{ 
~tween’volim& It b a,ko i*portant:t& ve3ify the p&it~kn- 
‘ing of rhc de&or elements .in the, iimulalion ge@neirj. 
These hue tools allow the algorirbfi de&ner !o ,confi- 
c&ntJy conqr~~ct and -successfully iest mctines that are 
conSiderably more corn+ than thtr kind that can be 
worked out in complete .&tail in ,&ance. 

The ty@ ,of algorithm that can be ptuduced with this 
approach, & trans-analytic prop&es since it produck 
results that cantiot be obtained u&h a finite series oc 
analytic. equations executed in a fired ofdcr. The fti’tbat 
the algorithm has the capacity to select the ‘sequeirce of 
calculations with virtually infinite, variety allows it to 
probe new domains of problem solving inaccessible io 
conventional analytic technitjues. This is ge&&lly true for 
Monte Carlo techniques and it is prticularly true for a 
complex Monte Carlo code coupled tu delailed geometry 
simulali4m. 

An important feature of this algorithm is that if two 
large but finite ws of 100 keV photon histories are run 
through thr simulation. and the energy deposition in a 
detector crystal is’ tabulated for each set. their energy 
depositicin spectra will agree within statistical uncertainties 
even though the step by step development of each set of 
histories is markedly different. Hence this algorithm witb 
viflually an inlinite variety of distinct realiu~ions produces 
results that converge.in a well-limited way-to the cttamc- 
teristic detector response ‘of the instrument. This is. of 
course. exactly what happens in the a&al test envimn- 
merit. It should also be noted that the fml muIts of this 
program, the DRMs themselves. are of finite dynamic 
complexity. They are represented by a set of analytic 
equations and the evaluation of a particular DRM involves 
an equation evaluation 5:quence that is fixed. 

Fig. I shows a diagram of a BAlSE module compared 
to a computer generated outline of some of tke volumes 
used in the Monte-Carlo simulation. The volu~ in the 
BAPE module were detemiined -from the’ engineering. 
drawing and reproduced in many cases with sub-millime- 
ter accuracy. 

The large area detector consists of NaHTI) qstal disk 
3.4 cm in raciius and 1.27 cm thick. The crystal is 
mounted,on a quartz window 3.91) cm in radius and 1.90s 
cm thick: The Nal crystal is covered with a thin silicon pd 
and a I mm thick aluminum cover. Ths acscmbly is 
surrounded, by an invar steel mounting ring. This crystal 
assembly is mounted ‘on a truncated cnire Jo &n deep 
whc= insidcsurfacc is coated wiih a barium sulphate-based 
white reflecting paint. ‘me crystal is viewed by ihti 12.7 
cm diameter pbotomultiplier tubes (PMTs) mounted on a 
I9 cm radius base. Tbc cone a&i base have a tl.& g/cm’ 
layer of lead which serves as passive shielding behind the 
crystal. On toi of lbe lead- is a 0.7 mm, Iaver of tin to 
absorb lead fluorescence. In front of the LAD &ystal 1s a 
~!ystyrene ch&ged particle delcctor (CPD) 635 mm ihick 
jandwichcd between. two aluminum hexel sheets 7, mqt 
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‘Fig. 1. .Compariwp nf rimulalion and +ztual BATS! dc!cctor 
‘gcmw~).. !a) is a diagam ot rhc Jcwclor:mudulc and th), is a 
uxnpu~cr gcncrrtcd diagram of key volumss cmrloycd in Ihc 
.Wonlc C~lO simulation. 

thick. Aruund the &c’of the LAD-detector. crystal be- 
‘hvcep ii and the CPD w nu&rous wire harness ‘assern- 
blies,’ mounti& rings, the two. CPD Pk;lT% .and .o$& 
smaller assemblies. This nia& distribution is approximated 
by a se&s of Lmncentric ii&s &ut the qital rsscmhly. 
The LAD re$oti at large angles where this material is 
im’pri;jnt was, optimized using in flight solar flatv.data 
[I?-141 

Tk spectroscopy detector consists of a 7.195 c&thick 
Nal(Il) crystal 6S.1.5 mm- in! radius. .The s&s .of the 
detector are covered with I .5, mm,of .silicon compound and 
I.3 mm of aluminum. The top df the crystal has a 38.1 mm 
radius beryllium disk 1.27 mm thick over its center sur- 
rnunded hy an aluminum ririg 0.68 ,mm thick with the 
silicone compound undcmeath,it. The cr+tal is mounted 
on a quartz window 0.95 cm thick then mounted on a 5 in. 
PMT. A steel ring 0.9s cm thick and 1.26 cm high 
surrounds the base of the crystal assembly. This detector 
assembly is mounted in an aluminum plate whose mass 
and general dimensions are modeled in the simulation. The 
other objects surrounding the spectrmcopy detector in- 
clude the BAISE mcidule base. the two iadiatois to either 
side, the BATSE power module and the detector electron- 
ics unit. All these objects are included in the simulation. 

The specifx results of the simulation of values for the 
detector model are the charged particle energy depositions 
collected in the detector crystals when photons interact 
there. Wlien an individuq! photon is process through the 
simulation algorithm. the energy depositioris of all ekc- 
trons pmliuced in the electromagnetic cascade that occur 
within. the detector crystal are summed to yield the total 
energy dcpusition for that photoc. When an ensembk of 
monoen,:rgetic photons zre processed in this manner a set 
of depo!:ited energies are produced that are referred to here 
as an e!lergy deposition spectrum. When this spectrum is 
further processed to incorpo!a!e other important detectr,r 
characteristics like the detector’s energy molulion a dctec- 
tar rcylonse profile is produced. This response profile 
represca its the characteristic res&st of the detector to an 
ensemi-.+ of phr)tnnc RI 2 p?i~Iar ~mqgy. 

Tb . accuracy of the simulations w&s optimized .and 
veiitiv d hy comparison of the simulation rest+ ~%h 
exper rnrntal test data. .apecifically thr BATSE absolut: 
.efficit:xy and angular response test data. l)e spimked 
simut kn results. combed wiib o&r parameters deter- 

.minc. ! f-0m instrument test5 weir used to cons&a tbc 
DRKIs. In order to accurately intefprei the resul!s. of the 
insrcment tests. the sir&ation< we&tin with the det~tor 
geo.netr*l imbedded in an akuraie :reprewntation~of. the 
tests en;ironment as ailowable by the geometry sqftware 

.. pgkitge. 
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lly absolutc~ tffhency tests were dejigtid to verify 
k amplitude d-each :of’BATSE’s eight -LAD and ei&ht 
SD &ctors response ai a variety of en&es. The relative 
cfficicncics lwwccn detectors ‘wre measured as well as 
the ermgy resolution oi each detector. ihc dete’cror mod- 
&s \wn pla& & aj table and va’rious y-iay emilting 
isdopes were expod Jo Ilk delecIorS. iFor the UW 
mersurcments, IJKSC slimes were placed 1 IO in. from the 
outer CPD surface along the detector a+: An aluminum 
support was used to hold the sources in pJaq..Jt con+sted 
primarily of f and i in. thick plates that did not absorb all 
the y-rays thai entered them. In this conligurarion about 
0.4% of Ihe y-rays emitted isotropically. at the source 
traveled directly to the LAD dkiector. A large fractim of 
tl&mt of Ibe flux passed0uough or Compton scattered in 
the source holder ad then Compton. scattered from objects 
in the -ttst vrn. Some of this .scattered flux interacted in 
the detector as well. A fairly simple rectangular geometry 
was used to simulate the test environment. It was found 
lhat the scattered flux observed by the detectors was veiy 
sensitive to the positions’of volumes of mass in the test 
environment &hen r-rays above 100 keV were present. 
The magnitude of the tittered flux observed could be 
changed by a factor of 2 hy moving mass elemenrs around 
in Ihe t&t environment. In o&r to simulate the scattered 
flux in this geometry accurately a eeomclry at least two 
orders of magninide more complex than that used here 
w&d be necessary coupled wilh precise characterizations 
of * masses in the test room. 

However fpr y-rays above a couple hundred keV. the 
energy of the photons Compt& sczlrtered in the test envi- 
ronment differed significantly from the initial photon en- 
c;g,’ by !!I? !imc fhi: rrnrhcd the detector. Hence the 
evenls that deposited the y-ray sourc‘e Cull energy for these 
Trays were due entirely to Ihe 0.43 of. the photons 
.impi&ng drirctlyon the detector. These events appear in 
the detector response prdfile as .&I approximately Gaussian 
feature centered on the full energy &position value. re- 
ferred to.here as the photopeak of the response profik. 

The absolute efiicicnq oi the detectors a)uld he veri- 
fud with ihis photopak data. TN calculations for the 279 
kc’V .++a@ of Hg”’ - dre glwen aa an example. In the 
experimental data, the numbat of 279 kcV photons inci- 
‘iknl on the detector dururg d 393.2 min Hgr” exposure is 
calculated to be l4(1oOUU photons *Fith an error of approx- 
imatel$ 5% ds to the uaqrtain!ies. in the symxz -strength 
[Is]. The photopeak counts were taken to’ be twice Ihe 
number. of coun& on the high energy half cif the photo- 
peak. This technique was u.se~.i ii order to avoid having to 
tiv wi!F thr contamination of the lowe- Lelf of the 
photopeak b ChC non-pholopeak qmponents of the dctec- 
t&&p&z &ofik. F& the Hg”“.279 keV line. in this 
way it w’~‘deterrnined fr& t& 553SW of ,hc l -UI()WtI 
incident photons ended up in tti photopeak. I 

In the simulation of ‘ihc lfg-Y” exposure 4Yn3 279 keV. 
pho!ons were diicctly inci&rt on.thc detector crystal &~a. 
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Fig. 2. The dnguhr rcspor~~~ Icst gcomctry. (a) shows Yhc position- 
ing of the ierector moduk with respect to IIK SOUK:C hot&r. (b) 
shows Ibe ~~ollinrator gcometfy for Ihe radi+ctive sources used in 
lhc angular rcsponsr test. 

Of these Xl0 endcd.up in the pholopcak. To compare the 
Monte Carlo and experimenlal results ooe compares the 
ratio of the photon% in the photopeak to the p,hotons 
incident on the delector q&i. ihe experimenral ratio of 
photopeak photons 10 dir&ly incidenr photons is (from the 
two values given above) 39.5% f 5%. The Monte Carlo 
ratio is 40.33 f 1%. These results agree within errors 
indicating that the simulation is operating correctly. 

The absolute efficiency at lower energies ES verified by 
the simulations nf measurements using isotopes that emit 
low and high energy gamma-rays simultaneously with well 
known ratios. The angular response test results shown in 
Fig. 4 demonstrate that the low energy ,absolute ef&ziency 
ii well represented hi the bimulations since&z Simulated 
response to 32 and 80 keV photons is cvect relative 10 
the higher energy lines as can be seen by th, comparison 
of Ihe Mnnte Garb rffullr !o the IabWrcy m r?furements. 
In fact for photons with normal inciderice below 150 keV 
the absolute efficiency is accurately descrii using a 
producl of the detector geometric area.. atiknuation in the 
CPD. and absorption in the LAD. 

The angular response teSt.was designed to measure lhe 
detector .responx for photons at various incident angles. as 
well. as .fhe off diagonal components of the detector re-’ 
spnhe. The geoiniuy for ihis lest ‘is shown in Fig. h. In. 
this geometry,, a collimating wrce holder was used to 
minimize the scattering llux &sewed by the deledor. Both 
the source’ holder and delectti were p&itioned 4.6.. m 
abo$e rhe floiw in order io, iivoid xatlering from there. T)ei 
limited cumplexity of thi, Source holder ma+ ii yuuibletti 
simulate it accurately. T$ geometry for Ihe source holder 

.IS showi in Fig. 2h. -The. primary coliima& material is a- 
kad annulus 14.6 qn long with an innerdhmeier of 2.54 



cm and an outer dianietor .nf 9.5 +!rn- B&h. the inher .rrnrl 
bum surf-ams of the.annulus are l&cd with 0.16 cm of lin, 
.!o anenuate k-shell X-qys from the lead. G source itself 
-is booraid in a stainless steel button mounted on the be* 

of a screw. : Tbii screw is afftxed to a 4A-em plug which 
slides into the lead annulus. Ttu first 1.9 cm of the plug 
near the soirrce is brass while the rest is lead, With the 
source &de the holder. the opening angle of the radiation 
beam is 23”. This test was run far a variety of nuclear 
isotopes at a nutiber of detector viewing angles [ 15). 

‘.For this tcsi the detector response profiles were simu- 
lated as accurately as pn~ible. This involved varying the 
thicknezms of volumes m. the vicinity of the source to see 
hdw accurately these regions needed to be represented. 
Simulating these regions with millimeter accuracy or better 
proved necesuy. since changes on this order caused 
signifiit effects in the observed energy deposition spec- 
[rum for most energies. 

Fig. 3a thrpugh 3d illustrate the series of procedures 
used to reproduce an angular response profile observed by 
the LAD for Cs’-\’ in the angular response Tess envimn- 
meat. Fig. 3a shows the 661 keV energy deposition spec- 
mim for a LAD in the angular response test environment 
binned rather coarsely to highlight the off diagonal energy 

~p---.-A ___--  ____-.--  ., 

i 3A Energy DcpOSition i 

depcktion eomponen~. It is .c!& kern this figure IhJ the 
off diagonal comfxinents are impclttant for accurate spec; 
b-al &convolution: .. 

The first step in proa&& the LAD energy.‘deposition 
spectrumtoproduceadete+rRsponsep@ileistoapply 
!he radial response correction IO the d&a. .* radiii 

‘Ieiponse of the LADS refers to the property that the 
photot@e light collection for an energy;deposition at the 
edge of the crystal is about 85% of the tight i;dlection for 
the same energy deposition .at ttie center of the crystal. 
This behavior has been measured in the radial rer+nse 
test for each, detector [IS]. In this test sources strongly 
collimate&by lead shielding were placed &the ~&face of, 
the CPD at different radial distances from the center of the 
detector crystal. Due to the tight mllimation. an area on 
the detectors only a few centimeters in diameter was 
exposed at each wurcc location. Each exposure produced 
Gaussian shaped photopeaks. The positions for the photo- 
peaks of each source at each radral location were calcu- 
latcd and B quadratic fit to photopeak position vs. radial 
source location was calculated for each detector. This 
radial response function was applied ‘lo the simulated 
energy deposition spectrum to produce the radial response 
corrected spectrum shown in Fig. 3b. The radiat response 
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functionsdiffer$d~bcbveen detectors as can be&en in-the 
comparison of ~tector 1 (thin dotted ,histogramI and dc- 
&etor 3: {th,in dashed histograni) Cs”’ ncirmal j-incidence 
phowpe+ shown in Fig. 3c. The photopeaks here have 
markedly .different shapes although their integrated ampli- 
tudes agree to within &50/r Also shown inthe figure is the 
Cs’” pbotopeak respon;c for detector 3 (thick dashed 
bistogram),at 90”:angle of incidence (multiplied by ayfactor 
of 3). In this case the pho&ns are generally depositing 
their energy at .tlie edge of tC $ct~lor crystjd kq the 

~photope k. .po, a rcs ruse is at the low end of the radial response ‘, 
function and can’bz fit with a Gaussian fine: Each detector’s 
unique radial response function was used .in the cnnstruc- 
lion of its DRM. 

Finally. the energy dependent det?lor resolution was 
folded through the en&rgy deposition spectrum. ~corrected 
for radial response. lo produce a detector response profile 
as shown in Fig. 3$ ‘Here the higher solid histogram is 
simulation data for the angular response geometry and the 

dotted line is data from the angular nqmse 1es1 for 
detector 3. The lower solid histogram is the component of 
the simulation results due to photons thaf scattered in the 
source holder and. IO a ‘lesser extent. ‘in the test room 

.geometry. The peak amund 235 keV ‘is pattly due to 
photons hack scattering off Ihe source holder material 

directly .behind the source into the. detector crystal. and 
partly due to ,photons scattering off the...quartz window 
behi@ the detector back into the crystal. Obviously-only 
the tatter component is appropriate for the DRMs -in 
spacecraft contiguration. The peak around, 450 keV is &e 
to photons scattering t~tween 45’ and’ 60” in the .sc ucc 
collimator as well as photons that scatter :ln.thc det ctor 
crys!al’at nearly 18JP then leave the crystal ‘deposiiinf, only 
part of their’ energy: II is clear f&m this figuc,, that 
accurate modeling of the source holder LS important’ for an 
accurstc understanding of the detect& test results.. 

Frg. 4a-&I shoti the LAD response to the y-r. my lines 
of Ba’.‘-’ at four representative source viewing angles. The 
y-ray, line energies and retative weights are: 3811 keV at 
8%. 356 keV at fW%. 307 kev zt l4%, 276 keV AI 7%. 80 
k& at 36%. and 32 keV at 100%. These figures have .the 
same format as Fig. .W. ,2! T’ !bere. ic little scattering from 
the test environment as demonstrated by the sparselv mu- 
latcd lower histogram.. The plots show that the angular 
response of the LADS has a strong energy dependence. At 
large incident angles the envir~menl within 3 or 4 m of 
he detector becomes important again for low energy pho- 
tons. Here the detector is facing away from the source and 
the low energy photons from the beam have reasonably 
significant cross sections for Cnmpton scattering’off ob- 

----- 
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Fig. 5. Ctjmparisnn hetuccn simulated ~~xwI~~ (solid histr)RramsJ and mcasursd rcrjx~~~ (dashed histograms) for Ba’“” for SDS at variouc 
angles of incidence. 

jects in the vicinity of the detector. Alsn low energy 
photon attenuation is very sensitive to the thicknesses of 
the rings of material used to approximate the detector edge 
geometry. The geometry co&used here did not hpve the 
sophistication to simulate either the local test environment 
or the detector edge geometry with high precision so 
precise amplitude of the low-energy large-angle LAD re- 
.sponsc ,is somewhat under-determined in this case. This 

Fig. b. T?IC BATSE geometv imbcddcd in jhc GRO environment 
for the rimul+ns d the DRMs used ftrr data analysis of flight 
data. 

region of the response vvd.3 optimized using solar f!z:e data 
ohtaincd after launch [14]. An ensemble (6 solar flare 
measurements (when: the sun’s an@ IC) each detector was 
known) were used tn build a set of optimized low energy 
large angle r6pon.x Lnefficients. The solar flare analysis 
verified that rhe high energy angular response was ade- 
quately determined with the angular response test data. 

Fig. 5sSd show the ISa’-” response for the spec- 
troscopy detectors at four source vrewing angles. These 
plots show the superior energy resolution of the spec- 
troscopy detectors as well as an angular response that is 
less dramatic than the LADS. Since the spectroscopy detec- 
tnrs have Ggnifican: response at large angles, it is impor- 
tant to model the volcmes of mass within 0.5 m  of these 
&tectors with precision. This will be discussed in more 
detail below. 

The DRMs for in flight data analysis were created with 
a- ,gec:me!ry that ised the .dt!ectc~ mdule plxxd WI !h.e 
comer of a fairly crude representation of the spacecr$ft 
geometry as shown in Fig. h. The spacecraft simulation 
was derived from data collected during the mass model 
project, [ 1 S]. The rectangular volunics employed ,.),rltained 
the spacecraft mass to a @xision crf-about H cm. There is 
also th&mal blanketing surro~ding; t?& batsc modul&, 

The frqnt f&e of the BATSE modules are covered hy 0.07 



gm/cm’ of l lu@t#zed mylar. Iv, this. configuration the, 
~de~ector r&ponse proflIes c&rain 
q ropriate for in’flighl opera&. 

onI) the: components 

‘A ‘I& tkx&k data storage fqnmts and DUM r+iza- 
tlli~sotbdre : 

The simulation *fhvare ,was ruuli for &I en4:gies be- 
twecn 19 keV and 100 MeV for the MDs and 71 energies 

74: 0 

hitween 3 teV and’ 100 Mt% for the SDS. The energies 
were scle:trd IO adequately s,unplc rqgions’ where the 
response waS changing r;&kty wilh energy. pafticuiariy 
around’ the Nal k-edge. One hurldred thousalrd events were 
run for 10 viewing angles between 0” ,and YS” at each 
energy using a iota1 of 3#) h.of CPU time on VAXsta~ioi~ 
31l#l workstations. The energy deposition spectra troti 
the& simulations were stored, in compressed form; The& 
spectra were then processed. into detector response profile; 

F- 
4’9 7F: 90 

Y’E: 90’ 



dy a separate. piece of Fortran software. these dettitor 
response profiles. were’ stored. i? .64, cncrgy ‘bins spaced 
from E:‘=.U to. E = 1.4&? times the photopeak energy. 

The 64 bins in the detector respunse profiles for a 
particular energy w&e then parameteriz* as a functhn of 
detector zenith angle. 

he functional fym used for the..& was 

@)=A +Rcirs(B 2 $ 15”).+‘+.05(& Is”)]: 

+ D[cos( 8’ + lS$ (1) 
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E 8F: 90 
5; 

fr 8E: 9ci 
. : 

Fig. 6. !$~rta~i pl015 ot SLI DRMs at various anglei and energies. 
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and for the SDS, 

f(e)-A +B:cos(t.l+ IS“) --~i[cos(B+ W ’)]’ 

‘+;D[cos( II+ IS”)]“. (3 

Tbcse functional forms were chosen to match the rc- 
sponge as acc~mely as +ibkin’t+ 50-300 &BATSE 
bt trigger energy r&c. G&i the flexibility of the 
f&tionaI fom~, he fitl’vs. angle. 6 well wiihin.the statis- 
tj@of the Monte Carl& simulatio@ The detector response 
data ari stored ai various sta&es in j the processing in order 
to facilitale repro&sing a1 any time in order tr, incorpo- 
rate any changes in detector performance or requested 
changes in the mat+ reprcsentalion. 

The matrices -are : stored in a data structure that is 
accessed by data analyiis softwire primardy through the 
configuration controlled subroutine response. matrix. A 
scientist with programing resources simply inputs the de- 
tector number, the energy edges, and the source loca!ion 
into this subroutine and it T back rhe appropriate 
DRM. 

In particular, this algori!hm will calculate a response 
matrix for matrices with -many narrow input riiS;rC;j :I;!!+ 
and whatever output binning the user selects, usually an 
output biking appropriate for a particular BATSE data 
type. Fine input eni~gy binning .can be important for 
accurate spectral fitting when the incident photon spectrum 
changes sigzificaruly acre% a data bin. For a,giveh set of 
‘input bin edges the matrix integrator software finds the 
compressed matrix vectors who* input energies span thcr 
input bin edges including those vectors just outside the bin. 
The algorithm then interpolates between the compressed 
tratrix vectors to points lmearly spaced across the input 
bin range. The interpolation takes place in the compressed 
format so that the photop;ak width and height are accu- 
rately calculated (Fig. 9 shows a portion of a SD matrix in 
compr&ed fo-.). These interpolated vectors are decom- 
preSsed into .output energy form& for biniring ir the output 
&ergi dirnension.of the matrix. In general members of the 
BATSE science telm use the input binning set at one third 

: v -+rir- bin, in, frmtion d~Pkolopeak Ermgy : ., 
Pii. 9 Surface plot of compressed .SD DRM at !ow energies, 
&owing post K-cc&c shift. 

the detector resolulion at a paflicular energy. Finei binning 
may be important f& spectra-thai change very rapidly with 
energy. The responx-_inatr$c +routine is ac%ssed 
through the DRM-GEN software available. for spectral 
analysis at the. GROSSC fnr thme whcr wish to use fully 
de%cloped d;Lt;i. analysis al@rithms. ” 

The detector respon& matrices co!+tructcd using: !he 
spacecraft geometry are ihown in Figs. 7a-Hf. Fig. 7 plots 
show the LAD matrices for various anges behveen the 
source direction and detector:normal. Fig. 7a shows tbe 
LAD DRM from IO to %JO kcV. The ,most -prominent 
characteristic visible here is the Nal K-edge effeci. Right 
above the K-edge the photopeak response drops discontin- 
uously. This effect is not very noticeable in the actual 
LAD data because the ielatively broad ener&y resolution 
smears out the abruptness of this effect. At somewhat 
higher input encgks a secondary r&ponse peak appears 
below ihe main photopeak that gradually merges with.tbe 
main photopeak around 100 keV. This secondary response 
peak is due to events where the photon re-emitted after the 
K-edge absorption escapes the crystal and it is important 
‘prticuiarly for debnvolving low-enetgy spectra where the 
&IW energy @olopeak and the secondary K-~$gyresponse 
peak contribute with similar strengths. 

Fig. 7b -shows the detail of the higher, energy off-diage 
nal component.. of the LADdetector response matrix. Here 
he response has been truncated at an effective area of 10 
cm’ per keV. The off-diagonal response has two primary 
components here. One is the response below 250 keV due 
primarily to phptons scattering of the LAD quartz window 
back into the Nal. These photons are generally distributed 
below the Compton backscatter limit energy of half the 
electron resi mass although there is a response enhanc+ 
merit just below this limit. 7%~ other offdiagonalcompo- 
nent is a ‘weak secondarj~ resporise peak that fdlows the 
main response peak at an energy half the electron rest 
mass below the photopeak energy. This component is. 
primarily due to photons that bounce backward @II out of 
the L4D crystal depositing all but the recoil photon en- 
ergy. This effect is strongest for source viewing angles of 
0’ due to the disk shape 01 the LAD crystal. Fig. 7b, 7d. 
and Tshow this compouent weakening compared to the 
other off diagonal component as a f@c&on of source 
tiiewing angle. . 

Fig; 7c shows ‘haI the LAD photopeak fe&se al 45’. 
pea& at about half the respHlse at 0”. This pea& is at low& 
enc $es so both the Nal crystal viewing angle and attenua- 
tior in the CPD plny a role her& pig. 7e shows the @ak 
resronsedown by a facror. of 20 with significant atteinia- 
tier. ai loiu energies. The matrix has l&r& oft-diagonal 
components that make it ill-conditioned fbr spectra! intier- 
rion 
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Fig +8f show the SD ,DRMs in the, same format as in 
Fig. 7. The Kedge’~effect here ,is similar to- thxt. in ‘the. 
LADs seen in Fig. 8a. .However. the ~SD..resolution is 
narrow enou& that the jump ia photopeak intensity is 
ooticeabll in the SD counts spectra: Aiti these detectors 
have a knee in their sensitivity b@een I’and 12 keV due 
tu the beryllirirn window on the tint face of thedetector. 
Fig. 8b shows that’ the c&rib&in to the offdiagonal. 
matrix component f&n photons that bounce directly out of 
tlte crystal is witall: coipred ‘to the LADS. This i.s ex- 
pected due to the differences in the LAD and SD gemne- 
tries The off diagonal amponeots below 250 ke-v’ here 
are largely due to scattering off the BATS& m&de ntate- 
rid around the spacecraft In fact the SD detector effective 
atea exkds the total face on geometric area. above 50 
keV due ‘to photons scattering into the detector from 
matcriat around the detector. For this reason the material 
around the spec detector must be simulated with precision. 

Fig. 8f shows that at large artgles the tow-energy 
msponse of the SD detectors is severely attenuated. There 
is little photopeak response below 50 keV. The differ-.nces 
between the SD face-on and edge- response is d,ue to the 
different window thicknesses on the front and sides of the 
detector. There is more than four times as much absorber 
arouod the sides of the SD detectors than the.& is on the 
frost face. Also photons generally hit the cylindrical sur- 
face of the detector side at an angle to the surface normal 
so the actual path length through the outer material is 
greateq than its radial :hi&ess. Since the low-energy 

response results from photons passing through the detector 
face, it. is nearly proportional to the inverse cosine of the 
source viewing angle. 

Fig. 9 shows the low-energy part of a face-on SD 
matrix presented in compressed form. In this format, the 
‘Rhotopeaks are all lined up in the same bin. This results in 
smoother interpolations between input energies. The im- 
portant feature here is the abrupt drop in the photopeak 
r&p&se at the Nal K-edge. Also included in these matri- 
ces is a 1.27% shift in ihe photopeak centroid due io 

decreased s&tillator light output right above the K-edge, 
in the energy rxnge W to 38 keV. This shift can be seen in 
Fig. 9. however it iis much smaller than the detector 
resolution so its impact on observed counts spectra will be 
heavily masked. 

These : DRMs’ ,are valuable tools tltat are ,ns&dfor the’ 
analysis of large quantities of astrophysical data. The range 
of energies and source viewing angles over which’they are 
CdlCUldtd is ilec&&y W i+&rzjs all Ibe ‘d&a tiysis 
conditions of interest with. this~~asbophysical it@truntent. 
?be’production of the DRMs relies strongly ori ~afgorithtnic 
problem solving techniques. 

The computer took that allow for .the amsuuctirm aud 
‘use of these types of toots have only become av&tble in 
the last 5 to IO years and already there are new machines 
that are available for the same cost as the ones us& to 
produce these DRMs that are an order of magnitude more 
powerful. With th:se newer computing facilities, it is now 
possible for the accuracy of the geometric modeling and 
the practical complexi,y of the on-line data analysis algo- 
rithtts lo increase significanlly over the 1~x1 decade. 
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